Introduction
Worldwide, gastric cancer is the second most common cancer, following lung cancer [1] . Surgery offers the only possible cure. Although improvements in early diagnosis, preoperative assessment, and surgical technique have increased the number of curative resections over the past two decades, 5-year survival rates for all patients are in the range of only 10%-15% [2] . The poor outcome is due to the fact that 75% of patients are considered incurable at diagnosis (advanced disease), and moreover, even among patients with clinically resectable tumors, the relapse rate is high. Therefore, the use of chemotherapy in patients with gastric cancer has been a subject of great interest.
In advanced disease, the role of chemotherapy has been controversial, but recently a significant survival benefit for combination chemotherapy has been shown when compared with best supportive care [3] .
The most widely used regimen was a combination of fluorouracil (FU), doxorubicin, and mitomycin (FAM), but this regimen provided questionable survival benefit compared to FU alone [4] . Over the past few years, several "second-generation" regimens of combination chemotherapy have been tested, but the survival obtained was not substantially better compared to that of previous regimens, whereas toxicity was more pronounced [5] [6] [7] .
In an attempt to improve the response rate, and in particular, survival, in patients with advanced gastric cancer, new drugs and therapeutic interventions need to be tested. Docetaxel (Taxotere; Sanofi-Aventis, France) is an antitumor agent belonging to the taxoid family. Docetaxel acts as an antimitotic agent, enhancing microtubule assembly and inhibiting the depolymerisation of tubulin, resulting in the inability of cells to divide. Docetaxel, as a single agent, appears to be effective in the treatment of gastric cancer. In two phase II studies [8, 9] monotherapy with docetaxel demonstrated the same response rate, of 24%, and a median survival of 7.5 months.
On the other hand, a combination of FU and leucovorin (LV) has been found to be active in advanced gastric cancer [10] , and the combination is a component of several "second-generation" regimens [5] .
Therefore, we conducted a phase II study with a combination regimen of docetaxel, FU, and LV (TFL), in order to assess the efficacy of this regimen as first-line chemotherapy in patients with advanced gastric cancer. The dose and schedule of administration of FU and LV in the TFL regimen were identical to that used in the ELF (etoposide, LV, fluorouracil) regimen.
Methods

Patient population
From May 1997 to April 2001, 58 patients with advanced gastric cancer were entered in this study. Eligibility criteria included histologically proven unresectable or metastatic gastric adenocarcinoma, no prior chemotherapy or radiotherapy for metastatic disease, World Health Organization (WHO) performance status 0-2, age 18 years or more, a life expectancy of at least 12 weeks, absence of a second primary malignant tumor (with the exception of nonmelanoma cutaneous carcinoma or cured intraepithelial cervical cancer), and no severe organ dysfunction, coronary insufficiency, or uncontrolled infections. Patients were also required to have bidimensionally measurable disease by computed tomography (CT) scans. Laboratory criteria included adequate bone marrow (absolute granulocyte count ≥1500/dl and platelets ≥100 000/dl), renal (serum creatinine levels ≤1.5 mg/dl), and hepatic (serum bilirubin levels ≤1.5 mg/dl and aspartate aminotransferase [AST] or alanine aminotransferase [ALT] values ≤4 times the upper normal limits) function. Informed consent was obtained from each patient according to institutional policy.
Patient evaluation
Pretreatment evaluation included a complete medical history and physical examination; complete blood cell counts (CBCs) with differential; a standard biochemical profile, as well as serum levels of carcinoembryonic antigen (CEA) and carbohydrate antiger (CA) 19.9; chest X-rays; and CT scans of the chest and abdomen. Additional studies were performed as indicated. CBCs with differential were repeated on the day of treatment or if there was mucositis or fever.
In patients with grade 3 or 4 neutropenia, febrile neutropenia, or grade 4 thrombocytopenia, an absolute neutrophil count (ANC) was performed daily until the value was 1000/dl or more and platelets were 50 000/dl or more.
A detailed medical history was taken and a complete physical examination was performed before each course of treatment to document symptoms of disease and the toxicities of chemotherapy. Biochemical tests and electrocardiograms were performed every 3 weeks. A clinical neurologic evaluation was performed in each cycle, and motor and sensory nerve-conduction velocity tests were performed in patients with 3 or 4 neurotoxicity. Lesions were evaluated at each cycle if they were assessable by physical examination. In all patients, response to treatment was assessed by physical examination, if appropriate, and by imaging procedures (CT scans) every three chemotherapeutic cycles. After the end of the treatment, the disease was evaluated by CT scans and tumor markers, every 3 months.
Treatment
The chemotherapeutic regimen (TFL) was administered as follows: docetaxel 70 mg/m 2 on day 1, as a 1-h infusion; LV 300 mg/m 2 on days 1, 2, and 3, as a 2-h infusion; and bolus FU 500 mg/m 2 on days 1, 2, and 3 at mid-infusion of LV. The treatment was repeated every 3 weeks. All patients were premedicated with dexamethasone 8 mg, IV 12 and 6 h before the administration of docetaxel, in order to minimize the risk of hypersensitivity reactions and fluid retention syndrome. Moreover, dexamethasone (4 mg orally every 12 h for four doses) was given after the chemotherapy. Cimetidine and antiemetics were also given.
The treatment was given in an outpatient setting. Dose adjustment was performed according to toxicity. A 25% dose reduction of TFL (docetaxel and fluorouracil) was required in patients with febrile or grade 4 neutropenia or grade 4 diarrhea. In patients with grade 3 diarrhea, a 25% dose reduction of FU was performed first and if, despite this reduction, grade 3 diarrhea occurred again, the dose of docetaxel was also reduced by 25%. Severe diarrhea was managed with loperamide and ciprofloxacin administration.
Therapy was to be continued for six cycles, or until disease progression, consent withdrawal, or unacceptable toxicity, despite dose reductions, whichever hap-pened first. In patients with a complete response (CR), there was an attempt to deliver two more cycles of chemotherapy.
Treatment evaluation
All responses were defined according to WHO guidelines as follows: CR, disappearance of all measurable or evaluable disease, with no new lesions; partial response (PR), 50% reduction in the sum of the products of the largest perpendicular diameters of all measurable disease sites, with no new lesions; stable disease (SD), less than 50% reduction, or an increase of less than 25% of measurable disease, determined as stated above, with no new lesions; and progressive disease (PD), more than 25% increase in any measurable disease site or the appearance of new lesions. All responses were required to be sustained for at least 4 weeks. All toxicities were graded according to the WHO criteria.
Statistical design
The primary endpoint of this study was to assess the response rate, and secondary endpoints were the evaluation of toxicity, time to progression (TTP), and survival. The sample size was based on overall response rate (ORR). According to Simon's two-stage optimal design, assuming that the expected ORR would be at least 25% and the minimum acceptable response rate 10%, a sample of 21 patients would be required in the first step. If a minimum of four responses were observed, a total of 55 patients would be accrued. Thereby, if at least ten responses occurred, the probability of accepting a treatment with a real response rate of less than 10% would be 5%. On the other hand, the risk of rejecting a treatment (at the second stage) with a response rate of more than 25% would be 10%.
All patients were included in the analysis for response and toxicity on an "intent-to-treat" basis.
Time to disease progression (TTP) was calculated from the initiation of treatment to the date that progression of the disease was documented (patients who discontinued their treatment for any reason or who died of what was regarded as disease-related causes were considered, at that time, as having disease progression). Survival was calculated from the initiation of the treatment to the date of last contact or to the date of death. Response duration was calculated from the date that the CR criteria were first met to the date that PD was first noted for complete responders, and from the date of the initiation of the treatment to the date that PD was first noted for partial responders. All patients without a corresponding event by the time of the analysis were considered censored. The Kaplan-Meier method was used to calculate TTP and survival curves, and exact confidence intervals (CIs) were used to determine the 95% upper and lower confidence limits of the response rate (RR).
Results
Between May 1997 and April 2001, 58 patients entered this phase II study. Patient characteristics are listed in Table 1 . There were 40 men and 18 women, with a median age of 63 years (range, 33-81 years) and median WHO performance status of 1 (range, 0-2).
Best response and survival
In six patients (10%), response could not be evaluated, because two of them died prior to the first evaluation and four discontinued treatment (one patient due to unacceptable toxicity, two because they moved to another hospital, and one who refused to follow the treatment regimen).
On an intent-to-treat basis, 15 patients responded (26%; 95% CI, 15%-39%), 4 (7%; 95% CI, 2%-17%) with complete and 11 (19%; 95% CI, 10%-31%) with partial responses. Moreover, 22 patients (38%; 95% CI, 25.5%-52%) demonstrated stabilization of the disease and 15 (26%; 95% CI, 15%-39%) had progression of the disease. Median duration of response was 10 months (range, 3 to 28.4 months). Responses were observed at all metastatic sites. After a median follow-up of 55 months (range, 0.01 to 65.7 months), 54 (93%) patients had progressed and 4 (7%) had died. Median TTP was 5.9 months (range, 0.01 to 65.7 months; Fig. 1 ), whereas median survival was 9 months (range, 0.01 to 65.7 months; Fig. 2 ).
Treatment compliance and toxicity
A total of 307 cycles of chemotherapy were delivered, 62% of them at full dose. The median number of chemotherapeutic cycles was 6 (range, 1 to 9 cycles) and the median interval between cycles was 21 days (range, 11 to 42 days).
The median dose intensity (DI) for FU was 410 mg/m Table 2 . No toxic death was reported.
Toxicity was the reason for treatment discontinuation in one patient. Neutropenia was the most frequent severe toxicity, and occurred in 30% of the patients (9% grade 3 and 21% grade 4).
Fifty-nine percent of the patients received granulocyte-colony stimulating factor (G-CSF), either because of neutropenia or prophylactically. Grade 3/4 anemia and thrombocytopenia were seen in 4% of patients, whereas 11% of the patients received red blood cell and 4% received platelet transfusions, respectively.
Discussion
Despite its decreased incidence in developed countries, gastric cancer continues to be a significant worldwide health problem and therefore, its treatment remains a great challenge. Several combination regimens have been tested over the past few years, including EAP (etoposide, doxorubicin [Adriamyan], cisplatin), FAMTX, (fluorouracil, doxorubicin, methotrexate, LV), ELF, and ECF (epirubicin, cisplatin, fluorouracil). Although, all these "second -generation" regimens showed high ORRs, in the range of 40% to 50%, in phase II trials, survival was only 7 to 11 months, not substantially better than that of "first -generation" regimens [5] . Moreover, in a few multicenter phase III trials conducted in the past few years using these regimens, lower ORRs and shorter median survival were achieved compared to the results of phase II trials [6, 7] . The Japan Clinical Oncology Group (JCOG) conducted a randomized phase III trial that compared 5-FU alone with 5-FU+cisplatin (JCOG 9205). The primary endpoint of that study was overall survival, and both regimens showed equivalence not only in median survival time (approximately 7 months) but also in 1-and 2-year survival rates (28% vs 29%, and 7% vs 7%, respectively). The toxicities were significantly lower with 5-FU alone than with 5-FU+cisplatin [11] . Therefore, the question of which regimen should be considered as "standard" chemotherapy for advanced gastric cancer cannot be answered at present.
The European Organization for Research and Treatment of Cancer (EORTC) study [12] , which compared FAMTX with FAM, was the first trial demonstrating a survival advantage between chemotherapy regimens (in favor of FAMTX). In another randomized trial [7] , which compared FAMTX with EAP, the ORR (33% vs 20%) and median survival (7.3 vs 6.1 months) were similar for both regimens, but the FAMTX regimen was significantly less toxic. More recently, a study from Royal Marsden [6] showed a superiority of ECF over FAMTX in ORR (45% vs 21%) and survival (9 vs 6 months). Finally, an EORTC randomized trial, which compared three combinations: FAMTX vs ELF vs cisplatin plus FU, showed that the RRs were approximately 25% for each combination, and none had a statistically significant impact on survival [13] .
Therefore, no combination has emerged as a standard treatment for advanced gastric cancer. New drugs and therapeutic interventions need to be tested to improve RRs and, in particular, survival in patients with advanced gastric cancer.
In the present phase II trial we tested the TFL regimen, a combination of docetaxel with FU and LV, in patients with advanced gastric cancer. To our knowledge, this is the first study reporting on the activity of this regimen, as first-line chemotherapy, in advanced gastric cancer. An objective ORR of 26% was achieved, with a median duration of response of 10 months.
As previously stated, the dose and schedule of FU and LV in the present study were the same as those in the ELF regimen. However, the addition of FU and LV did not increase the activity of the combination compared to that reported in the literature with docetaxel monotherapy [8, 9] .
Furthermore, the 26% response rate achieved by the TFL combination in our study can be considered small compared to that reported recently with other docetaxel-based regimens, such as docetaxel plus FU continuous infusion (RR, 44%) [14] and docetaxel plus cisplatin (RR, 53%) [15] . A recently reported final analysis of a phase III study, which compared the triplet combination of docetaxel-cisplatin-FU versus cisplatin-FU, showed a statistically significant outcome in favor of the three-drug regimen, in terms of overall RR (37% vs 25%), median TTP (5.6 vs 3.7 months), and overall survival (2-year survival was 18% vs 9% months) [16] .
In our study, treatment compliance was satisfactory, because the median DI was more than 83% of the planned dose and treatment could be delivered on time.
No toxic death was reported, even though the most frequent severe toxicity was neutropenia. The results of this phase II study seem to indicate that the TFL regimen is moderately effective in patients with advanced gastric cancer, with acceptable toxicity. In retrospect, the addition of bolus FU and LV to docetaxel did not appear to increase the activity of the combination compared to that of docetaxel monotherapy, and therefore, this regimen should not be explored in a phase III trial. On the contrary, docetaxel in combination with continuous infusion of FU, or with other active drugs such as cisplatin or irinotecan, should be further explored, in an attempt to improve the prognosis of patients with advanced gastric cancer.
